Primary open-angle glaucoma (POAG) is the leading cause of irreversible blindness worldwide. Most cases are multifactorial in etiology, but some are associated with variants in the myocilin gene, MYOC. Here, we report the identification of a novel MYOC variant, c.1153G>A, in a 24-yr-old female patient with a personal and family history of juvenile/early-onset POAG. Further genetic testing within her family demonstrated that this variant segregates with the POAG phenotype in an autosomal dominant pattern. Identification of this MYOC variant in multiple affected relatives provides evidence for its pathogenicity, supporting previous findings linking MYOC mutations, in particular in the third exon's olfactomedin domain, to juvenile-onset POAG. This case also emphasizes the potential value of genetic testing in families with histories of eye disorders.
she had 20/25 vision in both eyes, corrected with glasses. Her IOP is currently stable at ∼9-13 mmHg in both eyes.
The proband is one of three siblings born to nonconsanguineous Hispanic parents. Her brother was diagnosed with bilateral juvenile-onset POAG at age 19 yr and her sister received the same diagnosis at age 20 yr (patients IV-1 and IV-3). Her brother's condition is currently managed with medical therapy, but her sister has undergone a trabeculectomy. Her father (patient III-1) was diagnosed with juvenile-onset POAG in his 20s and received a trabeculectomy at age 26 following initial medical management. He also has adult-onset diabetes mellitus, but is otherwise healthy. Her mother (patient III-2) has adult-onset glaucoma.
The proband's paternal grandmother (patient II-1) had early-onset glaucoma and adultonset diabetes. She began medical therapy in her 30s and later underwent trabeculectomy and laser surgery procedures. Her paternal great-grandfather (patient I-1) also had early-B A C Figure 1 . (A) The IV-2 family pedigree. The proband, IV-2, has a four-generation family history of early-onset glaucoma, including her great-grandfather (I-1), her grandmother (II-1), her father (III-1), and her siblings (IV-1 and IV-3). All living relatives with POAG are heterozygous for the p.Glu385Lys MYOC mutation, whereas unaffected relatives are homozygous wild-type. IV-2 does not have a family history of breast cancer or any known genetic risk factors for breast cancer. (B) Sanger sequencing. The c.1153G>A, p.Glu385Lys variant found in the proband and affected family members with POAG is demonstrated in comparison to the G/G reference sequence. (C) Conservation and location of the c.1153G>A, p.Glu385Lys variant. The p.Glu385Lys variant, which exchanges a highly conserved negatively charged glutamic acid for a positively charged lysine residue, occurs in the olfactomedin exon 3 of MYOC, the same region as a majority of previously identified POAGassociated MYOC mutations.
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onset glaucoma, which led to significant visual impairment by his mid-30s and eventually rendered him blind.
TECHNICAL ANALYSES
The proband was referred for genetic testing following a diagnosis of stage IIa ductal adenocarcinoma of the breast at age 23 yr. Prior to exome sequencing, a commercially available panel evaluating genes associated with hereditary cancer was sent and found to be negative.
Subsequent germline exome sequencing of the proband and her parents, which was completed under a research protocol at the Yale Center for Genome Analysis (Table 1) , also failed to identify any known genetic risk factors for breast cancer. However, given that the proband and her father both have juvenile/early-onset POAG, we examined their sequences for rare heterozygous variants in common that were also not present in her mother's sequence ( Table 2) . Among these, we identified a novel variant in MYOC, NM_000261.2: c.1153G>A, p.Glu385Lys, located at a highly conserved residue within the olfactomedin-homology domain in exon 3 (Table 3) . Multiple in silico algorithms, including CADD, SIFT and PolyPhen, predict this to be a deleterious variant. Furthermore, this variant is extremely rare, given that it is absent from the gnomAD database.
Subsequently, we sequenced this locus in the proband and all available first-or seconddegree family members using Sanger sequencing. All individuals with juvenile/early-onset POAG-the proband, her father, and her two siblings-were determined to be heterozygous 1B) . In contrast, all unaffected individuals-the proband's mother, maternal grandmother, and paternal grandfather-did not have this variant in MYOC. These results indicate that this variant segregates with the disease phenotype in this family. Following ACMG guidelines for interpretation, we classified the MYOC p.Glu385Lys variant as Likely Pathogenic, based on two moderate and two supporting criteria: PM2 (absent from controls in gnomAD) and PP1_Moderate (cosegregation with disease with multiple family members); and PP3 (multiple lines of computational evidence) and PP4 (specificity of MYOC causing heritable early-onset POAG with elevated IOP, as opposed to other known genetic causes, OPTN and TBK1, that cause early-onset normal tension glaucoma with IOP ≤ 21 mmHg) (Richards et al. 2015; Kelly et al. 2018; Sears et al. 2019; Wang et al. 2019) . Following full exome sequencing, multiple rare heterozygous variations were identified in common between the proband and her father, with her mother's exome as a reference. This table details all shared variants (heterozygous in the proband and her father, a reference in proband's mother) with a population frequency of <0.1%. The MYOC variant is in bold. (Max freq) the maximum frequency of a variant in any population in the public gnomAD database, (0) the particular variant has not be reported in gnomAD, (CADD, SIFT, PPH) in silico predictors of the likelihood that a variant is deleterious, (T) tolerated, (D) deleterious, (B) benign, (P) pathogenic.
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DISCUSSION
MYOC is a three-exon gene located on Chromosome 1q23-24 that codes for myocilin. It is highly expressed in several eye structures-in particular, the trabecular meshwork (TM), which is known to play a role in regulating IOP (Ortego et al. 1997; Polansky et al. 2000; Hewitt et al. 2008; Kwon et al. 2009; Vranka et al. 2015) . Myocilin contains several functional domains, including a carboxy-terminal peroxisomal targeting domain and an olfactomedin domain-a region homologous to a family of secreted glycoproteins with uncertain function Kwon et al. 2009 ).
Although the association of MYOC with POAG is well-established, the normal function of the myocilin protein remains unclear. In fact, the lack of a discernible ocular phenotype in mice homozygous for a targeted null Myoc mutation suggests that it may be dispensable for normal eye function (Kim et al. 2001) . However, multiple studies suggest that mutations in the olfactomedin domain lead to toxic intracellular protein accumulation (Kwon et al. 2009; Sears et al. 2019; Wang et al. 2019) . Mutations resulting in aberrant exposure of the peroxisomal targeting domain in the protein may reduce myocilin excretion (Jacobson et al. 2001; Shepard et al. 2007 ). POAG-associated MYOC variants have also been shown to decrease myocilin solubility (Zhou and Vollrath 1999) . These processes, and possibly others, produce an accumulation of intracellular myocilin aggregates, which form amyloid-like fibrils, leading to endoplasmic reticulum (ER) stress (Zode et al. 2011; Orwig et al. 2012; Patterson-Orazem et al. 2019) . This, in turn, leads to TM cell damage and dysfunction, resulting in impaired aqueous humor outflow and increased IOP (Alvarado et al. 1984) .
Some variants in MYOC are well-described in association with autosomal dominant familial POAG in general, whereas other variants are specifically associated with early-onset POAG with elevated IOP. The majority of these variants are missense, with an apparent clustering in exon 3, in particular in the olfactomedin domain (Bruttini et al. 2003; Hewitt et al. 2008; Tomarev and Nakaya 2009 ). The NM_000261.2:c.1153G>A variant described here is also located in the olfactomedin domain, but has not been previously reported in association with POAG (Fig. 1C) . In silico tools predict a deleterious effect of this variant, which exchanges a highly conserved, negatively charged glutamic acid for a positively charged lysine residue in the third exon of MYOC.
SUMMARY
The finding of this NM_000261.2:c.1153G>A variant provides a notable addition to our understanding of MYOC-associated POAG. Not only does it highlight the previously identified link between MYOC and POAG, but it also provides additional support for the localization of pathogenic variants to the olfactomedin domain.
Of more immediate significance, this case emphasizes the importance of encouraging and facilitating genetic testing in families with histories of eye disorders. Identification of 1153G>A variant empowers this family to make more informed decisions for future generations. In particular, the proband and her siblings would be candidates to obtain early childhood genetic testing for any future children, which, if positive, may enable earlier POAG screening and intervention. Early diagnosis of MYOC-associated POAG may become increasingly important in the future, given current efforts to develop targeted interventions, such as TM-cell replacement from mesenchymal stem cells as well as proteostasis-based therapy to address ER stress from myocilin accumulation (Huard and Lieberman 2018; Snider et al. 2018 ). Identification of this variant also provides an opportunity to connect genetic findings with clinical outcomes, especially if the proband and her family are followed over time. Furthermore, the proband identifies as Hispanic, an ethnic group overrepresented among glaucoma patients compared to Caucasians (Quigley et al. 2001) . Thus, this case could inform future efforts to carry out genetic testing in Hispanic glaucoma patients, potentially identifying trends in MYOC variants within this population.
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